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Color flow rna~~~~g is a useful and accurate means of 
quantitating mitraJ rcg~lrg~tat~Q~ noninvasively. Previous 
studies (1,2) using transthoracic echocaroiography ave 
demonstrated a good correlation between different measure- 
ments of the color ffow regurgitant je and the angiographic 
severity of mitral regurgitation. 
Evaluating mitral regurgitation is a common i dication for 
transesophageal chocardiographic studies in the clinical 
setting. Although only preliminary results have been re- 
ported (3) for quantitation f mitral regurgitation by single- 
plane transesophageal echocardiography, some studies (4) 
suggest that ransesophageal echocardiography may overes- 
timate the severity of mitraf regurgitation if the standardized 
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criteria for quantitation by transthoracic olor flow rna~~i~g 
are employed. 
Color Row mapping is a highly operator- and instrumen- 
tation-dependent technique. Quantitative measurements of 
mitral regurgitant jets in transthoracic studies have been 
reported 1.59 to have an intraobserver and imerobserver 
variability of20%. In addition, regurgitant je areas may vary 
widely depending on the selected boundaries of the regur- 
gitant jet. Thus, in the present study we compared 1) various 
quantitative methods of assessing mitral regurgitPtion b 
transthoracic and transesophageal color tlow mapping wit 
the results of left ventriculography, and 2) the observer 
variabiiuy of two different methods suring the regur- 
gitant jets with the two echocardiog techniques. 
diographic studies a[nJ cardiac catheterization within 1 
and had ne obvious changes inc?inical status, medications or 
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systolic blood pressure. Only patients in Sinus rhythm Were 
in&&j. There were 15 men and 25 women aged 32 to 78 
years (mean 59 f 13). Written informed consent was ob- 
tained from all patients. 
Tmstborarie &mcardiogra hit studies. All studies were 
performed with a commerciaily available color flow mapper 
With a 2.5.MHz transducer. Instrument color flow settings 
were adjusted individually tooptimize image qUahtY. Special 
cue was taken to maintain the same color flow map (en- 
hanced velocities), packet size, spatial filters and transmit 
power throughout the studies. Depth and sector angle were 
individually adjusted to obtain the maximal T tant area 
from any view. Color flow gain was progressi ecnased 
to a level where signals outside of flop areas or superim- 
posed onto cardiac tissue disa red. The mitral valve was 
interrogated in all patients w use of thr~ orthogonal 
planes including the parasternal long-axis and short-axis 
views and the apical four-chamber, two-chamber and long 
axis views. 
Tr~n~so~h~ge~~ ~h a~~i~~r~ph~r studies. All trans- 
esophageal echocardio~ra~hi~ studies were performed by 
two experienced cardiologists with use of the same echo- 
cardiographic unit with a ~-MHZ transducer. After anes- 
thesia of the hypopharynx was induced with 10% Cetacaine 
and intravenous edation with either midazolam or 
meperidine, the esophageal probe was introduced without 
difficulty in ail cases, No complications were noted. The 
mitral valve was interrogated byusing multiple planes in- 
cluding short-axis views, four- and five-chamber views and 
slight variations ofthem. As in the transthoracic studies, the 
color flow map, packet size, spatial filters and transmit 
power were carefully maintained throughout all studies and 
color gain was individually adjusted to a level immediately 
beiow that in which artifacts began to appear. All studies 
were recorded on 0.5.in. (1.27.cm) VHS tape for further 
analysis. 
Color flow analysis. Color flow measurements were ob- 
tained from the tapes by using a commercially available 
e~hoc~t~io~ra~~i~ nalysis ystem (CT1 Freeland). The 
tapes were carefully searched and the frame containing the 
itant area in which the jet originating from 
could be seen was selected for analysis, The 
maximal rea of the regurgitant je was obtained bydirect 
planimetry. Two boundaries of the color jet area were 
identified and quantitated: 1)the central aiiased core of the 
regurgitant je with a mosaic pattern excluding any swirling_ 
low velocity flow; and 2) the hugest definable area of the 
regurgitant how includmg any low velocity flow considered 
to be part of the regurgitant je (Fig. 1). In some cases the 
two boundaries were not obtained from the same frame 
because Of temporal va~abilit~ of the jet. The individual 
v&es of these variables corresponding to three cardiac 
cycles were averaged, 
For tmnsesophageal studies o y the largest regurgitant 
jet obtained from any view was analyzed. Adequate regur. 
l$mt jet measurements were obtained in ail patients. The 
w 1. Color flow measurements. Transesaphageal echocardio- 
ic study in a patient with 2t mitral regurgitation. Note the 
the two boundaries selected. The aliased mosaic 
rt-dash line) rendered an area of 4.6 cm’. The ?otal 
regurgitant area, including low flow (tom adash line), was 7.2 cm’. 
LA = left atrium; LV = left ventricle. 
left atrial area was measured when it was completely visu- 
ost cases it was necessary to interpret the unseen 
portions of the left atrium. 
For transthoracic studies, the regurgitant jet area and 
left atrial size measurements were obtained from the 
pamsternai long-axis, parasternal short-axis and apical 
four- or two-chamber views. Complete and accurate mea- 
surements could not be obtained in eight patients because of 
technical difficulties. The largest jet area and jet area to left 
atria!, area ratio were selected for comparison and correla- 
tion. 
Two independent observers analyzed the video tapes to 
evaluate interobserver variability. Observers were allowed 
to scan each tape and select the maximal regurgitant areas. 
To determine intraobserver variability, the first observer 
repeated the analysis 2 weeks after the initial measurements. 
Variability was expressed as the percent of the absolute 
difference between the two measurements divided by the 
mean value. 
Cardiac ca?#e~~r~za~io~. Biplane left v~~tricu~ography 
was performed in a routine fashion and the a~giograpbi6 
severity of mitral regurgitation was graded from 0 to 4+ 
according to standard criteria (6) by one observer who was 
unaware of the results of the echocardiographic studies. 
Statistical nalysis. jet area measurements are expressed 
as mean value ~1 SD. Area measurements were compared 
by paired Student test and linear regression analysis. 
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Tohtal Are% (cm’) 
(mean k SD; range) 
Transt~Qr~~~s 2.8 + 3.4*; 0 io 12 5.1 5 4.6; 0 IO 18 
T~nseso~~~~ea~ 3.6 2 3.1; 0 to 13 5.9 t 3.7 0 to 13 
* p < 0.01 (transthoracic vs. transesophageal ec~o~ar~iogr~~~!/). 
ata was assesse 
ployed. Transthoracic regurgitant jets usually exhibited a
rather smafl central mosaic pattern (co prising 41% of the 
total regurgitant area) surrour~ded by a large area of bhae 
signals. Conversely, in t~a~seso~~agea~ studies the mosaic 
aspect c~~stit~te~ th 
with some re 
When the mt areas were co 
total regurgitant a6-eas obtai tra~st~o~ac~c or tram- 
essp;!dgeal sturties were not 
Figure 2. Correlation between transtboracic and transesophageal 
echocardiqraphic total rqurgitaclt areas. 
between transthoracic and tramesophageal 
saic ~e~M~~~ta~1 are s. 
measurements ob 
that observed wit 
(Table 2). However, w the percent va~a~i~~ty was CQW- 
sidered, s~g~~fica~t di ces were noted. In transthoracic 
studies measurement o e mosaic aspect of the ~eg~rg~~~t 
nter- and i~t~aobserve~ 
eas~~eme~t of the total 
Table 2. Inter- and lntraobserver Va iability for 
of Regurgitant Jet Area by Transthoracic and 
Tramesophageal ~c~oc~diograp~y 
r Value 
Transtkoracic 
Mosaic area 
Interobserver 0.97 
htraoberver 0.98 
Totaa rea 
I!??tY!l~SYY?~ 0.96 
lntraobserver 0.96 
Transesophageai 
Mosaic aroa 
Hnterobsewer 0.98 
lntraobserver 0.9s 
Total area 
Interobserver 0.94 
lntraobserver 0.97 - 
* p < 0.05; t p ==L 0.01. 
% Variability 
pm 
24 + xl* 
23 f 22* 
16 c I1 
15 5 IO 
II 1: 12t 
II +9* 
202 18 
17 +_ I6 
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Q I+ a* 3+ 49 
An~logrephic mitral regurglttrtion 
Figure 4, Correlation between the total regurgitant area obtained by 
transthoracic echocardicgraphv and the angiographic degree of 
mitral regurgitation. 
regurgitant area (24 2 20 vs. 16 + I I% and 23 I 22 VS. IS S 
12%; p < 0.05). In transesophageal studies, the opposite 
phenomenon was observed and measuring the mosaic areas 
rather than the total regurgitant areas re:ulted in a signifi- 
cantly smaller inter- and intraobserver ariability (11 + 12% 
vs. 20 + 18%; p =C 0.01 and 11 + 9% vs. 17 rf: 16%; p < 0.05, 
respectively) (Table 2). 
Correlation with cardiac catheterization. All the color 
flow variables were evaluated and the correction of these 
variables for left atrial size was correlated with the degree of 
mitral regurgitation assessed by angiography, For both trans- 
thoracic and transesophageal studies, the b st correlations 
were obtained by using the mr.ximal regurgitant area ob- 
tained from any view. Normalization for left atria1 size did 
not improve correlation with angiography. For transthoracic 
studies, the best correlation (r = 0.72) was obtained by using 
the absolute otal regurgitant area (Fig. 4); correction for left 
atrial size yielded a correlation coefficient of 0.59. For 
H@re 3. Correlation between the mosaic regurgitant alr;a obtained 
by traasesophageal echocardiography and the angiographic degree 
of mitral regurgitation. 
Q l* 2+ 3+ 4+ 
Angiographic mitral regurgitation 
transesophageal studies, the best correlation (r = 0.87) was 
obtained by using the mosaic area of the jets (Fig. 5); the 
correlation coefficient after correction for left atrial size was 
0.81. 
Transtboracie versus tumseso @- 
ments. Both transthoracic and t W 
echocardiographic studies are frequently performed in the 
same patients in tke clinical setting. For transthoraclc stud- 
ies accurate criteria have been defined to quantiiate the 
severity of mitral regurgitation (1,2). Some recent stu 
(4,7) suggest that ranseso~ba~ea~ regurgitant je s are la 
than those obtained by transthoracic e bocardiog~aphy a 
therefore transesophageal echocardiogra~by may “ovensti- 
erity of mitral regurgitation if the same criteria 
cause of technical factors including the prox- 
imity of the transducer to the area of interest and the 
different transducer frequency employed, the app arance of 
the mitral regurgitant je s obtained by transesoph 
cardiography is often different from that of the jets obtained 
by surface chocardiography. We therefore compared trans- 
thor2cic and transesophageal mitral regu 
swing two different boundaries of the jets 
mosaic portion of the jet was significantly arger in trans- 
esophageal studies, but the total regurgitant areas did not 
differ significantly between the two techniques. Observer 
variability for transthoracic studies was 24% when the 
mosaic portion of the jets was considered and 16% (p < 0.05) 
when the total regurgitant area was measured. In transesoph- 
ageal studies a lower variability was noted. For the total 
regurgitant area measurement, an average observer vrrriabil- 
ity of 18% was obtained, as compared with 11% (p < 0.01) 
when the mosaic portion of tne regurgitant je  was deter- 
mined by planimetry. 
These results indicate that a different criterion should be
used when evaluating the severity of mitral regurgitation by
the two techniques. The total regurgitant area in trans- 
thoracic studies and the mosaic portion of the jet in trans- 
esophageal studies appear to be the most accurate and 
reproducible measurements. 
Inter- and intraobservcr variability. The maximal area of 
the regurgitant je and the ratio to left atrial area re the most 
common indexes used to assess the severity of mitral regur- 
gitation by Doppler color flow mapping (1,2). It has been 
suggested (8-10) that hese measurements do not accurately 
quantitate the regtirgirant fiow rate and therefore do not 
precisely estimate the severity of regurgitation. However, 
they correlate closely aith the angiographic grading of mitral 
regurgitation, which is the most commonly used method in 
the clinical setting. Thus, evaluating the accuracy and repro- 
ducibility of these Doppler color flow measurements is 
essential ii clinical decisions are based on the outcome of the 
echocardiagraphic studies. 
Interobierver and intraobserver correlation coefficients 
area was co 
model used a variasnce- 
similar esults in our transthoracis rtudies but found a muc 
lower variability (1 I%) in our tra~scso~bageal studies. 
ageal echocardiography. In our experience the mosaic por- 
tion of the jet is significantly smaller in transthoracic studies 
than in transesophageal studies, when it represents he 
greatest portion of the jet or may even c 
absolute total regurgitant arez. Therefore, to 
two echocardiographic te hniques, we used the tw 
aries separately. 
Mosaic areas were significantly larger in transesophageal 
than in transthoracic studies (3.6 + 3.1 vs. 2.8 2 3.4 cm’; 
1). correlation between mosaic areas obtained by the 
two studies was good (r = 0.84), but transesophageal mosaic 
arcas were larger in most cases. When total areas were 
compared, no significant differences were noted (trans- 
thoracic 5.7 4 4.6 vs. transesophageal 5.7 k 3.7 cm*; p = 
NS). Correlation between total regurgitant areas obtained by 
the two echocardiographic te hniques was more scattered, 
although significant (r = 0.62: p = 0.0003). Transesophageal 
were larger than transthoracic regurgitant areas in 13 (41%) 
of cases. 
Smith et al. (4) recently compared the regurgitant jet size 
obtained by transthoracic and transesophagea? echocardiog- 
raphy in patients with mitral, tricuspid or aortic regurgita- 
tion. They found the transesophageal areas were signifi- 
cantly larger than transthoracic areas in each valve group. 
There are several potential explanations for the discrepan- 
cies. in the previous study only one boundary (the maximal 
regurgitant jet area) was considered. Moreover, the regur- 
been well establ 
gitant area, the more severe I 
several chnicaP, anatomic and te 
e rc~urg~ta~t jet size (14). 
sector arc aead 
factors hotrid be 
areas obtained in 
s of color flow jet area 
as similar as possible 
tion is always less with use of tra~seso~hagea~ 
raphy, because the mitral valve and the left 
’ rity of echocar~iogra~h~c laborato- 
transducer for transthoracic e bo- 
Hz transducer for t~a~seso~~~ageal 
direction by transthoracic e hocardiography. In vitro studies 
have shown that he scanning direction itself can modify the 
regurgitant area in >SO% a~?@. Thus, the limitations ofthe 
present study and the observed 
esophageal and transthoracic stwd 
uld be considered to be 
techniques with regard to Dop 
clinical practice two i 
regurgitant areas-na 
scanning direction-will alway 
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geal and transthoracic e hocardiographic studies of mitral 
regurgitation. Therefore, it is not surprising that the appear- 
ance of the regurgitant je s in our study was quite different 
depending on the echocardiographic te hnique mployed. 
Our results, comparing both echocardiographic techniques 
with cardiac atheterization, confirm the previous hypothe- 
sis (4) that different criteria should be used when evaluating 
the severity of mitral regurgitation by transthoracic or trans- 
esophageal echocardiography. 
Conclusions. Our results show that echocardiographic 
color flow jet areas correlate closely with the angiographic 
results in the evaluation of mitral regurgitation. However, 
some overlap between the regurgitant je areas is noted, 
precluding a clear separation ofdifferent degrees of mitral 
regurgitation in some cases. Total regurgitant area (including 
the surrounding swirling low flow) in transthoracic studies 
and the aliased core of the regurgitam jet (mosaic) in 
transesophagcal studies appear to be the most accurate nd 
reproducible measurements for evaluation ofmitral regurgi- 
tation. 
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